skin dose (Gy) is the maximum dose received by any area of a patient's skin. Although there is no currently available method to measure peak skin dose, it can be estimated by a qualified physicist if air-kerma and X-ray geometry details are known (7) .
Medical imaging with ionizing radiation requires some risk to the patient (9) . In the catheterization laboratory, staff and operator are exposed to lower single but higher cumulative radiation doses than the patient as well as nonradiation health issues (10, 11) . It is the individual's responsibility to wear dosimeter(s), with effective dose estimates based upon the number and location of dosimeters (3, 12) .
An inclusive radiation safety program protects the operator and staff by protecting the patient and vice versa. In addition to the standard operator protective garment, radiation-specific eye protection has been shown to be effective (3, 13) . Both transparent ceiling-mounted shielding and below-table-mounted shielding should be used routinely (14, 15) . Disposable radiation-absorbing patient sterile drapes may also help to reduce staff dose (16) . Current X-ray systems are designed to assist in effective dose management (17) . These features include pulsed fluoroscopy, on-screen dose display (K a,r , P KA ), and stored fluoroscopy. The quality of the X-ray image is a function of multiple patient, procedure, and equipment variables. Significant variation in image quality and dose between individual laboratories has been identified (12, 18) . Knowing your equipment and working with a qualified physicist is essential for dose optimization. Certain states require training for personnel involved in fluoroscopy with training recommendations published (3, 19) .
Fetterly et al. (2) retrospectively assessed contributing factors to the procedural dose received by over 1,800 patients undergoing PCI. Dr. Fetterly, a medical physicist, used the total air-kerma at the reference point (K a,r , Gy) to estimate peak skin dose. Patient, procedural, and operator imaging practices influenced the doses. The patient's size influenced dose, emphasizing the need for specific sizebased X-ray programs to address the relationship between dose and image quality. Patients with peripheral vascular disease or previous bypass surgery received higher doses but renal insufficiency and diabetes were not a factor. Procedural complexity influenced dose, with PCI in the circumflex artery and for chronic total occlusions associated with increased dose. Of the 1,827 patients, 156 had the radial approach with no dose increase; this small number, with potential bias toward the more experienced operator for challenging cases, limits interpretation. Increased operator experience, as assessed by volume, was associated with lower patient dose. Though fellows were involved in 97% of the cases, those procedures performed by the higher volume attending were associated with lower patient dose.
The significance of the study should not be lost in the specifics. Though individual factors for dose reduction are important, it is essential to develop a culture of radiation safety. From 1997 to 2009, there was a 55% reduction in the mean procedural patient dose for PCI at the Mayo Clinic. Formal training for the interventional fellows is required on X-ray systems and radiation safety, despite no local or state mandate. Though not identified as a contributor to dose reduction in the study, Fetterly et al. (2) emphasize the potential benefit of pre-procedure dose planning as well as techniques for dose reduction during the procedure (3) (4) (5) . Table 1 outlines a comprehensive approach to patient dose management including pre-procedure assessment, procedural dose management, and post-procedure follow-up that should be standard practice in interventional laboratories today (3) .
During a PCI, the operator hears an "ouch" and reacts. Though radiation dose provides no such response, the potential long-term effects are far more significant than a painful needle stick. Therefore, it is the responsibility of the interventional cardiologist to use the didactic (written and tutorial) and personnel (qualified physicist and radiation safety officer) resources available, apply them to the patient with pre-procedure planning, and practice, from the beginning of the case, optimal radiation dose management. Erythema and epilation present, on patient's back, 1 month after complex chronic total occlusion percutaneous coronary intervention, with K a,r of 11.8 Gy. 
